Abstract-The absorption of electron cyclotron waves propagating along an externally applied magnetic field in a uniform plasma surrounded by a cylindrical metallic cavity wall is studied. In the model, the cavity wall, the vacuum-plasma interface, and the effects of finite electron temperature are considered, and the dispersion relation for the wave propagation is derived. The results are then applied to the ELMO Bumpy Torus (EBT-I) plasma, and the propagation characteristics are computed. The wave absorption in the ordinary mode is found to be a result of the wall effects, which cannot be predicted with the infinite plasma theory. The loaded quality factor QL is also estimated from the model to be about 14, which is in good agreement with the experimentally observed value.
I. INTRODUCTION
THE PROPAGATION and absorption characteristics of the electron cyclotron waves propagating in a bounded plasma are investigated. In this preliminary work, the wave propagation is assumed to be in the direction of a constant external magnetic field. This subject has a particular relation to the ELMO Bumpy Torus (EBT) because of the utilization of intense microwaves in the device for heating the electrons through cyclotron damping. Here wavelength is much shorter than the scale dimension of the cavity plasma.
The theory of electromagnetic wave propagation in a bounded plasma in the direction of an applied magnetic field has been studied in great detail (see, e.g., [1] ). However, the calculations are mainly based on the cold plasma assumption, i.e., 3eii1aki = 0, where ei and ki are the components of the dielectric tensor e and the propagation vector k, respectively. But this assumption cannot adequately treat the important problem of the cyclotron wave damping in a bounded plasma. Therefore, in this study the cold plasma dielectric tensor will be modified with the finite temperature corrections.
The infinite plasma theory predicts that the ordinary mode is not completely absorbed unless one includes the finite Larmor radius effects [2] . Even with this correction, only modest absorption may be observed. As shown in Section III, introducing the plasma-wall boundary conditions into the calculations of a bounded plasma permits a considerable absorption for the ordinary wave.
Before we move on to the bounded plasma calculations, we briefly review the cyclotron wave absorption in an infinite plasma. 2) The electron cyclotron frequency E2(>O) is larger than the electron plasma frequency cop.
3) The frequency of the propagating wave X is close to the electron cyclotron frequency. 4) The propagation is almost along the external magnetic field, i.e., k2 >» k2, where k, and kI (or k,) 
The solution of (6) gives two distinct modes with kz and kz2, the extraordinary mode and the ordinary mode, respectively.
For the extraordinary mode
Here, kZ2 > k2 = (W/c)2.
Using (4), we obtain the absorption coefficient
(Here k2 > 0, and it is given), which becomes maximum if the wave propagates along the external magnetic field.
For the ordinary mode
From (8) 
With the use of (9) 
B, (r) = FJm (kL r) + GNm(kir).
The rest of the elements of the field are expressed through E, and B, by means of the relations (14) (rm)2
Examination of (12) and (13) (18) The rest of the components of the field are easily obtained with the aid of (10) and (11).
In general, there is a vacuum gap between the plasma and the cavity wall. Therefore, we must obtain E and B in the vacuum in order to satisfy wall-vacuum and vacuum-plasma boundary conditions. In the vacuum defined by Rp S r < Ro, Bz(r) = AP, Jm (ki T6 (27) It should be noted that the dispersion relation, which we have obtained, is in a general form, that is to say, so far we
have not yet used any specific values for el, c, or c3. For the plasma model adopted, the components of the dielectric tensor are given by (1)-(3). Using these in (27), we get (28), (29), and (30) for z completely determines the propagation characteristics of the cyclotron waves in the bounded plasma. For example:
1) The propagation constant of the wave = (co/c) Re (z).
2) The absorption coefficient of the wave = (co/c) Im (z).
3) The cutoff frequency c, of the wave can be obtained by setting z -> 0 (i.e., kz -* 0) in the dispersion relation. In conclusion, we have studied the absorption of electron cyclotron waves in a uniform plasma surrounded with a cylindrical wall. The effects on the plasma propagation due to the presence of a vacuum gap between the wall and plasma have been considered, and the dispersion relation (28) nonlinear waves. To date, there appears to be a dearth of information concerning antenna properties associated with nonlinear waves. It is the purpose of this paper to report the results of an experimental investigation of the radiation characteristics of the nonlinear ion acoustic soliton which was launched from a square plate inserted in a large collisionless quiescent plasma.
Solitons are stable objects that delicately balance nonlinearity with the dispersion of the media, and in one-dimensional systems, have the ability to survive collisions with other solitons. They are omnipresent in several vistas of the universe: from deep in the Andaman Sea in Southeast Asia [3] The ion acoustic soliton is probably the plasma soliton that has received the most attention in the laboratory and many of its one-dimensional properties have been verified [61, [7] .
The extension to higher dimensional systems where the possibility of resonances might exist is starting to bear fruit [8] -[l1] .
As the physics of the soliton is a study in itself and has received considerable attention in other work, we were moti-0093-3813/81/0900-0101$00.75 © 1981 IEEE
